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THE HISTORY OF BACTERIA INHALATION

[Following is a translation of an article by
17. Schiessle and H. Steiner of the Medical
University Clinic in Freiburg i. Br., in Zen-
tralblatt fur Biologische Aerosol Forschun-
"7%.Mtral Publication for USoLolog.cQ1& erovoX
Losea'oh j Vol 10, No 4/5, 1962, pp 304-325,

Bacteria and viruses are aercsols because, due to
their size, they act as suspended matter.

Following century-long speculations concerning the
origin of infectious diseases, the observation of the small-
est organisms related to disease became increasingly more
frequent after the invention of the microscope. The actual
relationships between irritant and disease were not recog-
nized until the period of classical bacteriology, most out-
standingly represented by L. Pasteur and R. Koch. This pe-
riod is briefly characterized in the first part of this
chapter. The second part deals in detail with experiments
of bacteria inhaled by animals. These were performed in the
late nineteenth and early twentieth century, and concentrat-
ed primarily on tVe tubercular bacillus.

Spectulations Concerning the Lung as Entrance for Infection
Agents

In the search for the etiology of contagious diseases,
the miasma, which floats in the surrounding atmosphere and
causes putrefaction in the body through inhalation, played
an important role as a "pathological secretion". Galen
(129-210) ascribed this infectious putrefaction of the air
to unburied corpses (war epidewic), swamp exhalations, and
Qxcessive beat. Later, various putrescent processes were
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aclded to the list, and pathological exhalations from thc
intcrior of the earth were assumed.

In the course of centuries, the coI-c'pL o ,'n." :..,

w:s addcd Ds opposed to that of miasma. After a
vcc,-cepts, Pattcn.ofer in the second half o' Lhv

2.i cc:4.tLiy Zr.- Vd at the followiis dcitio,: ...

discas,.s a"-.r niasmatic when the toXin Ls•.,•. .....

4: from the outside, regardless of its ori:ia; ho-;cvc•, .
must mature outside the organism before it can become i:..,

tious. Contagious diseases, on the other hand, artr c. ,'
ii iceaLd by direct contact rr.,m I #to;, 9,, , v.,- *it, . .

1',1:14• O- i o infected (,).p-:lIiio w I..... I o.. , .

lhaviln to undergo changes.

D)uria. the years. various theories prevailed c•Anc:" -

iig; th:~ ortln and inttlr ot ttl dh "lfl .iC~ a - . ,,

1.h1 1;tIt u.pi er0~•:', £0 1"C i$I; it:; Saiy 1111,) t~h' ," d l; ', , ii ; " :'

food, and through the pores, and causing; putL:ruculiZ ki o, ti~c

humours and tho spiritus vitalis. The naturo of conl1.;'.a.

Vas oxplained by means or comparison; communication .
ono body to another was compared to the spreading of .•u...*-

conce frum one apple to another. The observation that ;•

slightost trace of contagious sufficed to infect tho :
organism was compared to the old exporience that a ,
amount of sour dough would set a large amount of an,.Ahvr

dought in fermentation. The many views concerning thu a';e;:
crystallized into three theories which prevailed until Lio

beginnings of modern bacteriology: poisons, fur;ocnts, or
live organisms.

With the invention of the micrscope (1590 by J
an unsuspected now world of tiny organisms became accessi-
ble to the eye. The idea of a contagium vivum became in-
creasingly more plausible, and shortly after-#ards a co. e

S.... C:S ..• 7 . . .. .. .

cvcr, the or-"gaisZ.S he a'.:

: LLccuwx nhocci CC a t te f r st to , c . .

.. C t e"7i75tTie ::- toun- -- -P 0

Best Available Copy



into the blood, because it seemed to h"-
." f fissures were too small. Initially "

:-est minute animalculcs" in plant inSu;iO.
"<?'I;, .. ';-.ull. ý" and YArisbcrg nnnamd these inA.;c
... :y c 1e., ifound in plant infusion--;. O.:''i'A.I.

- A8 1780 to classify infun-orim, y4hich, -. L
as uel L .57'ý =': I LO "

... oLo a ysLc.r.atic dissertation about 4•uso ; -•

:--l (18-0) decisively spolc out for th1e c;:1iat•c
of a con-....um vivun, at least in Lhe ca;c O. ' u1c-cG:-
L:.giou anc purely contagious diseases. Na was •'ully a.re
01o the condiLions which had to be fulfillcd before a pa-..-
ýI.o cct.'", be considered the stimulant oi a disease: co"-
slant pruuf, isolation, and testing of isolated ornisz•.
L. Pasteurs experiments on fermentation h.ýd a conside.:-.!ic

I..:luence on the theory concerning the conta,-,ium vevun.
Ini a heated discussion with Liebig, Pasteur was abio xo

prove that the process of fermentation is conditioned by
microbCs rather than by decaying nitrogeon substances. "utrc-
faction, too, was no other process than the decompositioi ol
o.%.,.-.1c wattor caused by microor.anisas.

P.zti'eur's belief that every type of for;enta.on •
L..u~cc, by a specific microorganism brou-ht us closer to L..0

'.ca ZL,.t a specific microorganism would have to 'ep-eu.t
tUe sti=mulaat. It was diificult to classify the multitude
of bacteria -- particularly the widely-described stimul.ntz
of wound infections, to separate them morpholog'icaily zad
bioo&lically, and to relate them to disease. The sub-:equcnt
devolopme.aont led to the question whether well-characterizod
and constant types of bacteria actually did exist, or wAhcthcr
in the end, there was only one type of highly variable bac-
teria. The solution was the existence of specific types of
bacteria, proved by Robert Koch in his fundamental works.
in his first dissertation on anthrax, which appeared in 1376,
he discussed the development of the anthrax bacillus after
having followed it under the microscope from spore to spore,
and proved that anthrax in animals was produced only by in-
jecLing the anthrax bacillus or one of its spores, but not
o.;e of t.e other bacteria.

Important aids in the research of pathogenic ;.icro-
organisms were the production of suitable culture aedia 'or
h..ctria in vitro, ~an improved representation of bacteria

hl-ýou.gh aniline dyes, and the use of a condensor (Abbe) in
i.l,.nat~..ng microscopes. This research reached its pcnah

in 13S2 when Robert Koch discovered the tubercular bacillus.
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Tho Iact that air contains living organisms was Xirnt
proved by T*.cnberg in 1838, and two years later by Gaulticr
,o Glaubry. At that tino, however, little attention Was
paid to these discoveries. It was Pasteur (1822-1895) ;ho
managed to 1 focus general interest on the importance of ccr=•
in tho atmosphere. Robert Koch (1831) successfully usc6
sc-dizcntation method to develop pathogenic Ccrms from tha
alr -i prepared media and to differentiate them cxtcnaiv>y.

Chour, Favier, Olivier, Fereol, Squire, "erno:, 1..ui,
and others continued to investigate infection throu-h thlo

,open air In typoid. Romano even stored a bouillon cultu.c
mixed with dust in an ordinary room. The experiment nogated
the possibility of air infection by typhoid bacilli, since
the latter cannot survive beyond the degree of dryness noces-
sary to make the dust float in the atmosphere and become in-.
halable.

Abel, Loffler, Park, Germano, and others published
their observations of air infection in diphtheria, and
Chalin, Solovyev, Zielienyev, Germano, and others published
obse vations about aerogenous infection with streptococci.
Othe= scientists reported on the communication of chlocra,
pestilence, and cerebro-spinal meningitis through the air.
Other contributions of that period are discussed in detail
in the excellent summery by E. Germano, "The Communication
of Infectious Diseases through the Air," Zeitschrift Hy-
giene (Periodical for Hygiene), No 24, 25, 26, 1597.

Inhalation Experiments and Tubercular Bacilli

The chief forerunners of this era were-Schottelius
and Tappeiner, who published their findings around the turn
of the century, that is before the tubercular bacillus was
discovered.

Schottelius (1876), whose experiments regarding the
effect of inhaled substances had been discussed in 'The His-
tory oA." Dust Inhalation,' (9, 3/4), experimented with the
inhalation of organic dust particles which can be decomposed
in the lung in addition to the unorganic substances whose
effect is purely "mechanical". He used the sputum of several
tubercular phthisis patients, as well as of persons whose
diagnosis excluded the possibility of lung tuberculosis.
Other substances used were Limburger cheese and very fresh,
still warm brain of calves, pigs, and bulls.

The sputum used for inh.2a ion thin liquid mucus,
and was diluted witlh water un-i'. t; filtered solution

-4-
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obtained a =ilky white color and a somewhat oily consistency.
T-1u z. t.kd ";--' as follows: the animal was placed in a wood-
on box w;•ich corresponded to its size. Iron bars divided
t'ho box" into a small front chamber. A collar and chain held
its head tov,-rd the front. The walls of the back chamber

... e�u.t-~:" v1•;h large air holes. Two similar opcninr
- '� � i in the front chamber next to the cntran.co

* .... *.•::., :•. T:.Q lunnol-lil.c end of the speculum out-
-u&4o •-o:aL chamber of the inhalation booth wa3 cc4nncc.-

Qd a magnified Siegel inhalator which reduced the inhaled
riattor to dust. A thermometer in the front chamber control-

,led the temperature. The duration of the experiment usually
lao.cd for several weeks, with a daily one-hour i aalatio.
period.

Folloving the inhalation of various substancez,
Schottolius found small nodules in the lung. ULacroscopical-
ly thoy -Pva the impression of miliary tuborclcs, wiiilo .-
tologically and etiologically they had a different moanin..

V v'ritca: "These knots apparently are primary infl=zation
sources caused by the direct irritation of the alveolar v"!i
through substances entering with the stream of air, conse-
quently foreign body pneumoniae in the most subtle sense
of the word. I do not dare to offer definite statements
pertaining to such questions as whether all these irritated
alvcoli and alveolar groups reach the more intensive sta-as
o: superficial inflammation, or return to normalcy follow-
ing a light catarrh, or whether perhaps the degree of inflaz-
mation depends on the quantity of irritation in these cases.
Another group of nodules to be found is secondary in nature,
caused by the irritation of points usually located in the
adventitious system of lymphatic vessels. There is no doubt,
however, that these parts are irritated by inflammation
stimulants brought in by the alveoli. (Cf. the effect of
unorganic types of dust). The origin of the third group
of nodules results from the closure of small bronchi. These
are the least numerous; however, a disection of the lung
makes them accessible to the human eye."

Schottelius did not regard these results as a solu-
tion to the specific problem of tuberculosis, because non-
tuberculous, indifferent sputum causes changes similar to
the inhalation of tubercular sputum. Nevertheless, his in-
halation expcriments were a step towards the assumption that
under given circumstances lung consumption might be acquired
through sell-infection (effected by decomposed bronchial se-
cruLeoz) in loco, or through inhalation and aspiration.

Tappcinar (1,2) was convinc-,d that tuberculosis ±=
ccnýuor icatc through the inhaiatioi o. consumptive sputum
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thich is emitted through coughing and remains suspended in
the air. 1'c conducted several experiments on dogs in the
L:unich Pa.thological Institute (Prof. Dr. V. Bubl) in the

_summer of 1&77, and in Ueran in 1878.

Tho i.=tter inhaled consisted of one tea- or t'nbo-
spoon of tubercular sputum mixed with 300-500 cc:. vzzor to
i.A'uco -,: emulsive, relatively clear fluid. The dissol.-
tion wa.ý c•ono by means of a steam pulvor"zer which '=z

placed outside the testing enclosure. The animala (do-;s)
wore accomodated in a wooden crate, one side of which vas
left open and could be closed by a ltticed screen. This
opening was covered with an oilcloth during inhalation.
A hole in the cloth admitted the steam jet into the tcst
r oom. In the f irst series of experiments, the does inh"'-"~
daily for a period of one hour, spending the rest of t..;.
time in tho test room. In the second soris, they inh.•ic,
(,nco dG11y and spent the rest of the time in the open ai'.
The third sories took place in a roughly constructed 120
shod which was placed outside. Very small amounts of •puwua
were given, The ten*stng period lasted up to two months.

Tappeiner (1) found pronounced milinry tuborculos.1
in both lung&; it was not as marked or regular in the %cid-
neys, and In Isolated appeared during the third week fol-.
lowing the first inhalation day. A small amount of pulvor.-
ized sputum was needed to produce these nodules. In addi-
tion, he found that the sputum particles which reach tho
lunbs act in a specific way, rather than as mere foroign
matter. In addition to assuming that relatively large quan-
tities of the sputum particles inhaled go directly into tho
alveoli and condition the infection, Tappeiner discussed a
second mode of infection, namely, through the intestine.
Some of the inhaled sputum particles, which settle on the
lining of tne throat and pharynx, are swallowed and are re-
absorbed from the intestine. Experiments, however, which
dealt with feeding tubercular sputum to the animals showed
negative results.

Basing his views on the positive results of the in-
halation tests on dogs, Tappeiner saw great probability in
the communication of tuberculosis from man to man though
phthisic sputum which had been coughed up and reduced to
dust, particularly in poorly ventilated rooms.

In one of his later works (1880), Tappeiner (2) xande
new ex:perimental contributions to inhalation tuberculosis
i-. dogs. In repeating his earlier experiments with inhaled

iý.thisic sputum, he found that lund tuberculosis could be
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produced with or without a general tubercular infection.
inhalations of croupous and caseous lymphatic gland pus
and bronchial-purulent sputum, however, proved to be nega-
tivo.

As early as 1884, Robert Koch maintained that it ,',s
pooibla to communicate tuberculosis among humans through

Aý1..0;ion of both sputum particles in the air and dry phthi-
s4c sputum. 7:1 regarded the latter as the most likely one
to cause the infection.

G. Cornet, a student of R. Koch, extonsively invcs-
tigatod the spreading of the tubercular bacillus outside the
organism, that is, tubercular germs which float freely in
the air or are deposited in the dust.

7! order to determine the degree of infcctiousnoss,
he collcctod dust which had settled on walls, bed linen,
door frames, floors, carpets, clothing, and so forth, mixed
some of it with dry buillon culture, and deposited it in the
stomach cavity of guinea pigs. The dust came from hospitals,
mental institutions, phthisis divisions in hospitals for in-
curnbles, private apartments, and hotel rooms of tubercular
patients. Ne was unable to prove the previously assumed
ubiquity of the tubercular bacillus. He also thought it
impossiblo that the evaporation of fluid containing bacter-
ia or a broath of air could spread bacillus germs in the
surrounding area. In Cornet's opinion, it was a firm fact
that the exhalation of consumptive patients could not pos-
sibly contain tubercular bacilli, nor did their sputum --
provided it remained damp -- pass bacilli into the air. Small
particles containing bacilli might reach the air, however,
only if the cought was particularly bad. This danger was
not groat, because such explosive cough usually caused the
loss of saliva from the teeth, palate, and lips. In most
cases, this saliva does not contain bacilli. Most frequent-
ly bacilli get into the air after the secretion containing
bacilli dries out, and individual particles of this dry mass
are separated through mechanical influences. The difficulty
in pulverizing and reducing sputum to dust lies in its sticky
and mucous nature (muous content) which holds the small par-
ticles together with an unusually strong power of coherence.
that -- to quote Cornet -- is a blessing for mankind, other-
wise infections would occur far more frequently. Sputum
which has dried on the ground and on various articles is
caused by careless spitting. This makes it necessary for
patients to be equipped with spittoons, which should also
be provided by stores, hotels, and other public places.

-7-
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Spitting into handkerchiefs should also be avcoided whencvcr
possible. These and other prophylactic measured fo? the
prevention of the infection and spreading of tuberculosis
were suggested by Cornet. He believed that most of the in-
haled tubercular bacilli settled at the entrance of the rc-
spiratory trnct duo to their heaviness; also, passagc
through tho nose and the vocal chords was very difict...
Only one b-clillus out of a thousand man.-.,.cj to rcsach t:

depth of the respiratory tract and have a pathogenic •
in an infected spot only.

Extensive research on the importance of drop infec-
tion in the spreading of phthisis was done by C. Flug-a (1,
2, 3, 4, 5) and his students (Sticher, Heymann, Latschcn.:o,
Noisser, Kirstein, Findel, Reichenbach, Ballin, and others)
at the Breslau Institute of Hygiene. Whenover fluids con-
taining germs are spattered, tiny drops penetrate the air.
They are carried by minimal air currents, spreading tho
germs widely. A patient's speech, cough, and sneezing cause
the formation of very fine drops which represent a type of
air Infection not considered heretofore. In hi fundamcntal
work on infection through the air, C. Flugge (2) wrote in
1897 that drop infection is far more important than dust in-
fection, because germs -- even those most susceptable to
dryiness -- are communicative in their primary stages. The
possibility of drop infection, however, excludes all discasci
where the infection is localized outside the respiratory
tract (gonorrhea, recurrens). Even the smallest drops con-
taining germs may float in the air up to five hours. After
this approximate period, they come in contact with some sur-
,fact (walls, furniture, floors, the outside of the human
body). The drop dries very rapidly on the surface, and it
germs stick to it so firmly that an air current could not
possibly remove them. Only through artificial means may
they be reduced to dust and begin to mingle with the air a-
gain. According to Flugge, such cases are rare. In the
case of drop infections, the most important factor is not
the consumptive living space, but rather the excretion of
the sick person passed into the air in the form of drops
several hours previously. Ia spite of the extensive sprezd-
ing of germs in the air, the .nances of drop infection are
very slight outdoors.

"Two years later (1899), Flugge published the article,
"The Spreading of Phthisis Through Dust-like Sputum and
Through Drops Sprayed by Coughing," where -- influenced by
the research of his student Sticher -- he placed more impor-
tance on dust infection. Nevertheless, he still considered
fine drops containinf- bacilli more izstrumental in causin3
Luberculosis in the han or-anisLi.
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Before. discussing dust and drop infection experirentz

in greater detail, we would like to refer to the publicaticn3
o2 lildebrandt, and particularly Buchner, who dealt with the
ponctration of various pathogenic micro-organism into the
2u"- through an intact surface, and their multiplying ritbhin

S•..t2-ce main areas inv-dad by germs shin, f
tug~=, .A..4 ; !::Ildenbrandt (13SS) tc"Lcd the ruspirato:.'
tract as t." entrance. lie sets out to answer four queQc;.•:
1. Do the micro-organism floating in the atmosphere reach
"Lhe iungs undisturbed during respiration? 2. Can the =icro-
organisms penetrate from the alveoili into the intact lung
tissue? 3. Can they multiply at this point? and 4. :iov
do they move forward and produce a general infection?

To answor the first question, four healthy rabbitsý
wli.ch had not had close contact with infection sources wora
kciled. Individual portions of the respiratory tract wcro
placoe on suitable media in order to determine a possible
grow•h of germs, While colonies dovelopod in the ornl 4ad
na.,al ."coun membwane, this was not the case in the luii-
tissue and trachea. Hildebrandt draw the conclusions th4"
noormdally there are no microorganisms in the trachea and lun.
tissue, because the nasal cavity acts as a protective filtcz
To test the degree of protectiveness with a high'bactoria
content in the air, he had rabbits inhale pathogenic micro-
organisms (asporgillus fumigatus).

For this experiment, he used a glass box with a cover
v;:ich could be closed. A fan was placed on one side to
whirl up the fungoid lawn in the glass container. The stir
was increased with the aid of a goose feather used through
tiTe open top. .Opposite the fan, that is, on the other side
of the glass container, an opening served to connect the
i•ce of the animal by means of a concave cloth mask with
the interior of the glass container. The period of inhala-
tion lasted 35 minutes; the dissection took place from 30
minutes to four days after the inhalation. In this instance
media containing trachea and lung tissue showed colonies
of aspergillus fumigans. There were no colonies on media
containing blood.

These experiments show tiat under normal circumstan-
ces the nasal cavity acts as a protector against the pone-
tration of pathogenic micro-organisi~s into the depth of t~he
rcspiratory tract. if the bacteria content in the air rises
.'bove normal, the protective function of the nasal cavity

a~ini~hes in direct relation to 'he increase of bacteria

-- C --
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density in the air. To test the control of these results,
.UI'dcbrazd had rabbits inhale pathogenic rabbit septicac;:.i
bacilli and anthrax bacilli or their spores. These rcsul'A-
-.re similar to the previous. An abnormally-high bacilli
content in theanr decreases the protective function of the
nancY! cavity, enabling bacteria to penetrate into th i"
of tho respiratory tract.

In toetin- the penetrating poacr of the rnicrc.-c..g.r-
i1028 from the al;vcoli into the lung tissue, Lil brx.. ,
that an intact lung surface does not provide a barricr.
found that the lung olfors a favorable environment for t1Q
multiplying of only a few types of microorganismz; of th
three types of microbes tested, only the rabbit cpt'ica:r.
bacillus multiplied. In trying to answer the fourth '
tioe, he was able to show the importance of lym as a .-
za.o to thoo :ronchial glands (similarly as in zhe dust
halation oxp4.rizants); from there, penetration Lnto
blood is pos..iblo. Novertheless, he also considered thv
possibility oa direct blood infection.

Buchnor (1, 2, 3, 4), partially in a cooperative af-
fort with 'Norkol and Enderlen, conducted e.tonsivc ox•-o-
meats on an-imals. Since their importance is fundamenta.-,
we shall relate them in detail.

Starting with the dust inhalation experiments by
Arnold, and inspired by C. Flugge's (1) 1836 =onograph uhero
the thesis was established that bacteria cannot pasa zn in-
tact lung suiface, Buchner experimented with anthrax sporcs,
chicken cholera stimulants, and septicaemia bacilli. He
traced the route of inhaled bacteria in the lungs, and their
passage into the blood. He was particularly interested in
proving that the passage of bacteria through an intact lung
surface and their entrance into the blood stream do exist,
and not only in the case of those infection stimulants which,
as the tubercle bacillus, experience a primary settlement
in the alveolar wall.

In his experiments with pure cultures of tubercle
bacilli, Robert Koch had found that these inhaled microbes
penetrate into the respiratory tract as far as the alveoli,
All his rabbits and guinea pigs which had been exposed to
the inhalation of pulverized tubercles showed num:erous tu-
bercles in the lungs several weeks later. Macroscopically,
these showcd an alveolar growth at a specific stage of de-
velopment. Animals which had been put to death or had died
!...er hý- tubercles in the liver nnd in the spleen. Ahere

•.. o no out. that the entire organ -.- .d been infected

- 10 -
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thatistubercular metastases in other organs (spleen,
liver, kid~neys, and so forth) could have beon infected on.ly
through bacteria in the blood stream. Since tubercular bac-
tori fj ind tize aIveolar wall suitable for =ultiply~n-.tt

~ p~i~:y dvelopment of lung tubercles take5 ?,!:-cc
- - ..... .. ~; c.dBucbn'cr cotxcludcd t- conz-cctuvo c

... , ~ p~i~yopen abnormal conmua~c.-tio-3, oX.
L ha ~; o: tubercle b-cil'i into t'Ie blooý:..Ct.

<;ucntly, 1n taosting the penetration of bactaria truht
i.atact alvco-"ar wcall, only those should be uacd wirhch do :~.

:form flocks, in the lungs.

in claborating on the dust inha-la't.Aon e;:pcriment~.
::uz~;.:;c v A~nold (cf. chapter on dust. izhzlation), :;C-

;1ý! ý'.Js to stucity the behaviour of inhaled micro-or- .4.:i...

Jon tlia lun4- an%-. in the organism. It socmod to him Fhc~ ii

:~''c~ ;;eca~.alprocess on tho inhalation of small sw;-ý'
pjc:( prticlos always remained the sa~c, rogardlc3s v.~:<
they came from coal, minerals, metal, tobacco, Caround un.-'a-
="Lrirnc, or dust containing bactoria and dried spores. 1%'r-
con wh"Ich move lifeless dust are also capable of convcyin-Z

ani:tedbacteria dust, and passages which are Qopen to t.,.
ono cannot ramain closed to the other. In regard to
tion and passo-go through the lung surface into the bronc~.1--
,,landz, li.1:oloss dust should bo compared to bacteria w~ii6oi.
ho~i" 4'tion. F~rom the purely =echanical point.of viewt, r.
b:.ccer_-. cell "a equally subject to pressures, tractive po-ý.r,,
and fluid streamz as any other organic or unorganic dust.
Tho Sai~e ap.1lies to passage, and should there be a dicfron-
cc in this respect, then bacteria should be even more ea-sily
conveyed due to their light weight. It should not be con-
cluded that in rcgard to tEheir ease of movement and sprea-d-
iii- in the organism, bacteria cannot, achieve more than life-
less dust. The movement capacity of coal particles and cifl-
nzbar granulcs representLs only the minimum, a fact whicb ap-
plies to bacteria as well. Particularly in the case of
Aiyi-iph lns both clinical and experimental data show th~at
iLnstead of stopping, infcction stimulants, stream towards

t.~noarest gl.andis at-d spread through the blood to the in-
ncr organs. licithcr should we disre-ard the importznt fac-
tor o2 tecpcttouliyothe part of pathogenic
goQrn ých have penetrated in~io the lymph glands, or tlheir
infCctious e:Cfect. This may cause the othezrwise adequa-te
ýý~tr to lose their dcpendabil'Ity. ?Patho-enic g.--ns -:.-c
'.o ~ot :-ultiply, hvoarc 'held backz in the gi-;eli~

p jizrticlcs of Cust, and are eventually destroyed.
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passcd into the lymph glands of the lungs without -ppcarir:

-in the blood or the other organs (lymphogenic removal). T1".
common sacrophytic bacteria, like lifeless dust, are prob-
ably held back in the bronchial glands and do not (or bzrc-
ly) reach the blood. Consequently, these have an i=port.nt

SV1*0hyln"Ctie •s.16_5k-

Ssocn-d Possibility of penetration into "
-t a dircc pa. Pgia from the alveoli i±to tho 1ioo-.

ia, into the bordering capillaries. In th .7L.itio v.: '-

parimcnts (of. chapter on dust) this possibility was oi•.-cr
donied or seriously questioned. Thus tests h-d to be mack
to determine whether bacteria pass directly into the capi.l-
laries of the alveolar wall through intact surfaces.

•c-l, c:xporimented with the inhalation of c:- -v

vorizod ant,-- sporos and vaporized anthrax spores, a..-..
bacilli, and chicken cholera bacilli. The microbes were f-.
inhaled in the form of dust, then in the form of drops. W:\
intend to discuss each of the two series of exporiuonts c-
aratoly. In the last paragraph, we summarize the resuit.
of all teats concerned with the passage of infection acn-;
through intact lung surfaces.

The dry inhalation experiments dealing with a
sporea presented some difficulty in method, since it waa

uot easy to produce totally dry dust which at the same ti=a
was infectious. Finally the anthrax spores were dried to
powder. which is effective in dusting (coal powder, lycopc:-
don) and served as agent in the pulverization process.

The dust wa kept in calcium chloride to presorve
complete dryness. The ratio between coal particles and :.-,-
thrax spores was usually 1000:1, with lycopordon dust 140:1.
A suall ar.ount of the dust was injected subcutaneously to

test its virus content.

Two kinds of apparatus were used in the inhalation
experiments. The apparatus for mice had a volume of 3.3
liters; for guinea pigs the volume 13.6 liters. The lat-
ter is shown in diagran 1. The bottom of the glass appara-
tus is a tin-plate funnel (t). Tho spore dust is deposited
"by means of a glass tube (b), vhich passes through a rubber
ring (g) located at the very botton of the funnel. The ani-
m.als are in a ,ire cage (c). The air is blown in by means
of an ordinary fan. The air passes through a second verti-
cal ••ass tube (a) to the lowest point in the apparatus, aLn
stirs to dust deposit, dilfusinu -t in the apparatus.

S~- 12 -
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Diagram I

Dust inhalation apparatus by Buchner and LMerkel,
tacn from Buchner and Mlerkel: Archiv fur Hy-
gienrc (liygiene Archi'ves), No 8, p, IG, 168

The air exists through a plug of cotton wool which completely
fills the area between the -lass neck )f the apparatus and
the two glass tubes. Since the dust showed a great tendency
to settle everywhere within the apparatus, it was necessary
to shahe and tilt it constantly during the experiment in
order to avoid a settling on the very bottom.

The quantities of dust used were very small, for it
appeared that large quantities conditioned foreign bodypneumonia and prevented the intended anthrax infection. The
pulverization and inhalation, the entire test, took only
ten to -ifteen minutes every time. The quantity used in
one inhalation did not exceed .25g in the small apparatus
for mice, and .5g in the larger apparatus for guinea pigs.
The animals were exposed to the inhalation only once. Each
experiment was followed by a periQ" o02 waiting until the

- 13 -
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d'.ust part4 les floating inside the apparatus had settled.
Thon tha ,.aials were cautiously removed and taken outsid-
to got rid of any dust particles which may have been clL.-
"lag to them. Each part of the apparatus wa.s imediatel•
sterilized in a solution of mercuric chloride l:XOCO.

* 'h" "'"-' were put to death with chlorofo ,,
,, hours • lor:±n• the inhalation. The."c- o .: .. ...

solution of alcohol and mercuric chloride and d-icC. T..-
lungs and the spleen more removed by means of sterile izbtru-
%Acatz, and w-oro placed in sterile contzinors. One secat.n c.--
the lung Was preserved in alcohol for a microscopic o..:.-
ation. ettrile scissors were used to cut the othar .
into =any (20 to 40) pleces, which were placed in a llcjuiý
8% moat pcpltone gelatine, poured on a sterile glass plate,
and cultivated at 22*. The spleen vas treated in a si;..--.
manner. The advantage of this method is the possibili*.y o
testing the bacteria content even if the microscopic -
ation should fail.

Inhalation experiments to test lung ".nfoction *..:n

validity only it corresponding controlled feedinS enper.-
racnts prove that the infection was not cauzed through t..o
di-estive tract by bacteria which had boon swallovod. l'ol-
this reason, similar quantities of dust wore fed to C.o
same number of animals of similar breed. Spore dust tCau
added to a mixture of broad and carrots. Chancoe of a4. in-
testinal infection were extraordinarily favorable z3 coz.-
pared to an air infection, since one group of animals ianh.cd
the maximum of 1/1000 of the pulverized spores, vhilo tho
other animals consumed the entire amount of spores given.
Since a remarkable majority of the latter stayed alive vhilo
most inhalation animals died within a relatively short pe-
riod of time, it is impossible to assume an infection caused
by swallowed spores durin- the inhalation period.

The 13.6% pneumonia occurrences during the irnhalation
experiments should be pointed out in this connection. In
his dust inhalation experiments (cf chapter on dust), A-nold
observed 19 cases (20.4%) of acute pneumonia in a total o0
93 zni-.•.!s. Most cases (33,) were produced by sandstone
dust. loviever, we should bear the fact in mind that those
experiments were extremely long. Arnold assumes that the
origin of these pneumonia cases is the direct result of a
cazarrh inflammation of the bronchial =ucous membrane, t-.t
is. broncho-pneumonia processes. In zddition, the dust i-

-ztion m.:.y create conditions favorable not only to t•h
r ,bt also to the o f specific in-ectior.
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The oatomization of liquids with a bacteria content
produces a very fine mist, parts of which transport thec
clinZing, gcrm as far as the alveoli. This was evident% i
the tosts performed by Tappeiner and Robert Xoch. Th*ci.o i
Lo need here for the cur.borsomc preparation o2 infectious
cus•t, such :. tho powerful drying process v.,hich can be -
v-vcd only by true spores. The moist method, as e::c:.: .:cd
in this scrics ol experiments, is just as suitable for ý.n-
'...." L,.,cil1i as chicl~en cholera bacilli, or other typ>.i

cbactor'ia w:'hich perish easily throuh dL-yincss. To i•-

•,,Wc proner rosults, it was necessary to improve the custo-
rary zruthod of atomization. It was parLicularly imporuant
to ,void e::cass-.ve moisture or saturation of the animal ex-
pozed to the spray. Consequently, larger spray narticlcs
wro deflected, an1only the minimal ones used. Tiao appara-
tuz usid ' DucLunr is shown in diagram 2.

Bs Av. ilab -e, C
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'to o sprzay was produced by an ordinary atomizing a>-
,.,.ratus by Eergson, that is, two upright glass tubes virc
placed on top of each other and attached to the bottom olZ
a WThlff flask. The Wulff flask is cut off at the botto-i
and set up on a tin container (b). These two are connectcd
to eo.ch other "aith a ringed shaped rubber band (g) .....
"" !lbbor t•"'z, p•.-;s, through the neck of the Wulff fl.s%.

2.ta of hcti' (*) feeds compressed ai-r to thc atomizc-; o r;
othcr tube is equipped with a funnel to provide addcitional
supply of ato-mizing fluid during the experiment. As soon
as the spray is set in motion, an extremely fine mist peno-
trates the inhalation area.(k) from the second neck o2 the
Wulff flask and through the tube attached thereto. The mist
is light enough to be borne upwards by the slightest air cur-
rent. The tendency of the particles to deposit or settle
iz minute. Like cigar smoke, this mist may be conducted
through a tubo several meters long at moderate air speed.
The animals viere placed in a large (50-liter volume) tin
%*cltle (k). A wire grating was placed several centimeters
Abovo the bottom of the kettle. The closure consisted of
a largo top cover with a glass panel to facilitate the o;-
servation of the animals. The top edeo wnas padded with
several layers of cotton wool to prevent the air supplied
from escaping. Passing air is filtered by the padding. Fol-
loving the inhalation, the animals appeared to be dry. They
were placed immediately in an isolation cage. A mercuric
acid solution was used to disinfect the entire apparatus im-
mediately after completion of the inhalation.

.2'.. Spra •paau bBuhe,'• repite

scc L_ ... .ion p .: .2

i5 i

- -. .
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"ax.:..... Spray ap~paratus byv Ec.~e, re•'"ta fc•

c ..1cr'ooi'anisz.•, scco•. edition, p 502,
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d-. ni-val inhaled only once. The duration rani
. to one hour. The inhalation consisted o&

1) •.;th.rax spores, 2) a type of hay bacilli, 3) ty*.'-oiy
baciiii, -) cholera vibriones. Preliminary experiments
•.zrc dcsignec2 to determine whether the mist of a bacterioid
3-Quid contl.nacd a sufficient amount of bacteria. Frezh

:*• i:es of :i~c'-'.1gelatin media which had been c::posed to
. minutes developedo thous.... co

.2. .. •o •. c,'- .; later. Consequently, t.... r.. it
ports "u•.ctaria, ,hich means that atomizing does not destr-
the;rn. In order to determine the percentage of atomjiso
c ,uici w..o r'achcs the test room, the liquid was dirocted

S- 6A-, .'ass container stuffed with hydrophilic g-uzc. :"..
con ainar - ,eighed before and after the experiment, ' .-.

mcain o , t'e tLo'zal amount atomized liquid was .50; th.t :.,
n ... c "::.;v �atomized by the spray apparatus, .5cc .-
Si,.o aiatioa area in the form o2 spray.

"--u-es showed what sm-ll aounts of p at:ho ,;nAic
, .i*Q . icccEca-y to start an infection. Only in thiAs i,,aa-

wr wa; an insih,.t gained into the amounts required in tle
foeding o;:poriments. To avoid mistakes, the same type.:; of
bactaria vr•eo used as in the inhalation experiments. T'•
;'ccuratc procedure along made it possible to prove frown t"e

z.iaez, in rabbits and mice that even with chicken chol-
eara, know::n to be highly infectious, the animals that died
a r in•,,alin, wc,7e not infected by bacteria which they had
,.aiov.cd. The inhalation of anthrax spores, for example,

required a quantity of spores 300 times smaller to achieve
the same effect in half the time.

Let us discuss the results of the two series of ex-
periu-ents. In every instance, a microscopic examination
of the lungs 20 to 24 hours following inhalation (at the
outstart of the infection process) showed that the inhaled
microbes had penetrated into the lungs. The preparation
received in the first series, however, definitely differed
fro:-. ;hc atomized ones. Dry pulverization had effected no
infusion of anthrax bacteria in the capillaries, while tho
second series of experiments showed characteristic infusions.
Ccordin'g to Buchner, there are two different stages. At
irs, the anthrax spores germinate. In the next phase,

small ,roups collect under the alveolar epithelium. For the
"mo0t part, they are infused in the blood capillaries.

-- question arises Zs to heow they passed into the
Vccid st'ea.. Three possibili-ies are pliausible, yet th-

*r~c- on .ust be exclude-d. Xevcrhelcss, we vould like to
"" ..•aion it b::iefly. We could assume that the bacteria -hound
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-: cz:-,-il.-.ries did not stem frcm the sporez th..
-. : ;iveoli, but from those ':,aallowcd duzin," i.:-

1--.. an.d passing into the lungs from there. One point,
-'zAinu this assumption is the time (23k hours) betw:een in-
h .lation and the death of the animal. In the expcri:acnt.
-- hero .•:- quantities of spores were fed, none of "'%c
an~ials dcied until the fourth day. If this -..a.:imu. n:.,1..
necds such a long time to pass through the stomnc h and
an infection in the body from the intestine, then t_. -

mal quantities which are swallo\icd during inhaling, c0.;o
achieve the same effect in half the time. Consequently,
only two possible explanations remain for the origin of bac-
tcria found in the capillaries. They wre either transport-
ed by the lymphs to the bronchial glands and from there into
the bloodstream, or else there may have been a direct p.z-
sage from the alveolar wall into the blood. One possibili'zy
does not c::cludo the other; both could probably exist z-.
the sazeo time.

As An.-roady mentioned in the chapter on dust, the t, -
h alod partlicles as a rule do not pass through the bronc.ai:.i
glands. Muskabluth, who made an intratracheal application
of anthrax spores, found no anthrax bacteria in the bronchi2.
glands 48 hours later. He concluded that they had moved
on and had entered the blood stream. This conclusion is not
necessarily correct, because the agents could have entered
the blood directly from the alveolar wall. Buchner believes
that the passage through the lymph glands is not an easy
one, if at all possible, and totally dismisses the possibil-
ity of bacteria passing through the lymphs into the blood
within several hours. The passage is relatively quick,
however, when pathological changes in the lymphatic glands
are present. This fact is in accordance with clinical data
on the action of lymph glands in the human body.

Consequently, only one possibility remains: the di-
rect passage of the bacteria into the blood. This assump-
tion is probably the only correct one. If we consider the
characteristics of the capillaries and the anthrax bacillus,
we may assume that the growth takes place through the gaps
which appear in the vascular structure under the influence
of diseased agents.

The same gaps which provide a passage for erythrocitcs
a.0 leucocites during any inflai•;rntion also allow the infcc-
tion agcntz, which are in the imll.diaze vicinity of the v-s-
c wall and exercise chemical irritation, to pass th r.g1.
,in.cc th-is -,enetration through the intact lung surface dic-
>-,:.'ni on activity of .he bacteria, on their growth and ,nui-

;. -, i•;a'eC coal pa-ticles can never enter the blcod
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5t~oar. A licuid stream or mechanical transport does not
e:ist in this direction. Neither can apathogenic germ3,
even havinj reached the alveoli, ever pass through the ca-
pillary wall, simply because they cannot multiply in the
tissue and fluid of the organism.

To x.-.:i a misunderstanding, we would like to stroez
• &, oz . ,gain that the assumption of' a direct passa-c

into teblocd stream does. not exclude the other possibility
through the lymphs and bronch al glands. Both may exist si-
m'ultanoously. Passage through the lymphs into the bronchial
g.lands, which is a purely mechanical process, should be open
to pzathogcaic germs as well as to lifeless coal particles
and cinnabar granules. The same applies to apathogenic
-erms, as they are always present in the atompshere. WThilc
lifeless dust particles and apathogenic germs are retainec,

sabsorbld, or perish in the bronchial glands, the fate of
<,e pathogcnic germs may be different. Thus a possibility
o* passazo does exist for pathogenic germs.

Tho question remains which infection agents could
penctrate the intact lung surface. Generally speahiing, aL1
blood parasites, that is, the infection agents which live in
blood and have the capacity-to multiply, should be able to
do so. Primarily these are the anthrax bacteria, bacteria
of mice and rabbit septicaemia, chicken cholera, recurrens,
and :.alaria. Tubercles and mucous bacilli are not blood
parasites, although tubercular bacteria were found in the
blood of highly tubercular humans and highly infected ani-
mals. Consequently we cannot assume a direct passage of in-.
haled tubercles into the blood stream. This has been con-
firmed by inhalation experiments. A general infection does
not develop immediately in the animal; it is initially pre-
ceded by localized tuberculosis in the lung. Localizations
in the inner organs are secondary. It is highly probable
that these were not caused by direct passage into the blood,
but rather through the lymphs, accompanied by successive
tubercular infection of intrapulmonary lymph follicles and
bronchial glands. From here, the fully mature bacilli pass
into the blood of the animal species, provided the appropri-
ate receptivity exists.

In this connection, Buchner experimented with the in-
halation of pulverized mucous bacilli.

a--ar culture was suspended in :O cc water and in-
.. two guinea pigs for half an hour. Six days, later,

_Iirnals reacted with audibly heavy breathing and a
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from tho noutrils. l.. to 20 4ays l I U
h.- hvy of weight and death.

":ic diszcction showaod nimo rcmarl:ablo findings ii
the fir~t zinic,-l. A singu|_l.ar circumscrib)ed mucous nodulc

vr-.s foJ:'. iL. L;'e upper right section, whilo the romi-indc-
,tally intact. "Lo , of the sccoe;i-

'. 3 , .. ..' o :c-, tLi,.(& yuL :;L, ,; uý -•• l i i :y " ,

cot'.• i;'"-' i ; \ pree.lln; in tile -•:;)loL . .io-uro is only 0:-W

e;..•l:-n:/iun .or the mode of infection in thiA c-"-3o; n:n L'.y,
tU.- I:Acilli iu'ccd their way into tho blood strc;. thr.,.."
L- io There was no primary localization in '.o "u-,
ti..Aue, ;ts is usually the case with tube:culosiz. Lucliaur

a.;o expcrii.onted with the action of inhaled pus cocci,
typhoid bacilli, and cholera vibriones in the lung, and

. i : rough the lymphs and the blood. Sincu roi :.-.; 'u.. ";.' observed we shall omnit thc:. at taiz r,*

a;•. connection, wee iould lihe to discuss thV ro-
L oL •;Durints with intratrachcz2l injections of hri~1-

lander bacilli. Those ware carried out in 19U5 by J, Kowa.L1
at the '.archvnd Institute in Leipzig. The results may be
summarized as Yollows:

1. The lung may be infected through a direct injoc-
tion oX bacilli into parenchyma, or from the respiratory
tract. In most cases, bacilli pneumonia in the human is
probably ;n aerogenous infection. A haematogenous infec-
tion through these bacilli, however, should not be dismis-
sed entirely, since they may e.sily reach the blood streaza
from any primary disease center.

2. Capsular bacilli succeed in causing infklmution
of the lungs only at high maturity or in large quantities,
otherwise additional predisposed instances in the lung tis-
sue (trauma, cold) are necessary. These instances are pro-
bably of great importance in bacilli pneumonia in humans,
since the bacilli do not reach the lung in as great quanti-
ties as they do in animals.

3. Bacilli which reach the lung are accepted by the
lymphatic system through the alveolar epithelium without
difficulty. This happens more quickly than the absorbtion
of coal pigment. Having reached great virulence, a portion

of the bacilli is once again eliminated into the alveoli, in
order to inflame the parenchyma (serous exudation, leucocito
z.ccumulation). Another portion of the bacilli degenerates
in the "yih)hatic system and looses its virulence. This is
pzt.iculu'ly the case in an intact lung tissue. Other bzc-
te•in z-cach thle blood stream and cause a general infection.

-20-
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'. 1ollowing intratracheal injections of guinea pig3,
only fl, :s of pneumonia were to be found. This may be
traced back to two possible reasons. Either the bacilli
perish rapidly when the lung tissue is intact, that is,'be-
fore extended pneumonia occurs, or the animals succumb to
a general infection before the pneumonia process spreads
cvcr an entire lobe. A passage of bacilli through the

......... ...... w. as never been proven. TZhis sho-. " " : -
.Icul t. i; 0o use pathologicai-nnatonicai £indinvj -X,_
the analysis of initial inflammatory processes followin5
the penetration of bacteria into the lungs. For this rea-
son, we shall return to the hygienists who conducted num-
erous experiments to study the behaviour of the tubarcuiaz
b:cillJus outside the lung and following inhalation into t2he
lung of guinea pigs.

Noisser had shown that extremely fine dust mixed
wit~h phthioic sputum when influenced by weak air current.
can carry tubercle bacilli in a live, virulent state. it
waa neceaary to find out whether germs contained in tuber-
cular cputum can be carried by moderate air curronts in "n
infectious state and produce inhalation tuberculosis in ani-
mals. Sticher (1899), a student of Flugge, carried out two
series of experiments in this connection. Since earlier ex-
periments had usually shown negative results, he used a
strong air current in the first series and a weak current
(which corresponds more to natural conditions) in the sec-
ond series to transport dust containing bacteria.

The apparatus used in the inhalation experimcnts.with
strong air currents is reproduced in diagram 4.

An ordinary round rubber bag (A) with an opening was
used. A second round opening was made in the bottom of the
bag, directly opposite the original opening. By means of
vulcanizing, a collar-like attachment (B) was placed around
this hole in a position which corresponded to that of the
wooden ring. This flexible ring, which could also be closed
tigitly, was designed for the neck of the animal. The wood-
en ring in the bag had a rubber stopper equipped with two
glass tubes. The air from a dust developer was forced through
one tube, and used the other tube to escape, having passed
tlh extension (C) and a glowing copper spiral (D). In the
first three experiments, the dust developer consisted of a
flash (2) which was constantly shaken to raise bacillic dust.
During the next eight experiments an ordinary ice bag wza
uzýd. It contained torn canvas rags with dry sputum. Air
\. orcc i- through an attached tube. Carrying dust par-

"clzi, thc air forced its way into the inhalation chamber
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...........~ . ; " .- In the first threc :e riments, w::re i"
"A . � : "o pr-oduce an exact dist:l'iution of d.amp .

v , i:- Cr" cust and to avoid the fori,-.ation of rougi partcL"
an e:ten-ion (G) was plugged in between the dust develo;,pc•rand the inhalation chamber. It was designed for the ,ertle-
ment of the rough particles. In all experin-onts, the tu-e
leading into the inhalation chamber had a rectangular beCd
in or .[ ," * oid a direct entrance of the dust-bearing
current iný.o the respiratory tract of the animal. T"- '-""
was compressed rhythmically, approximately 32 stro:-es per-
minute, at regular intervals. In order to obtain an idc.
of the approximate air current speed, we determined the .-
mount of watcr forced out by one stroke of the fan (50 cc).
The speed of the air current in the 4mm wide tube leadin,;
into the inhalation chamber was approximately Il at the Zi
of the stro,:.

•~~~~~. ... ".'..... •. .•... ..... ,'

t' I

"reprinted ffro' St• . ch. Z.itsch-
rift four H~ygiene(ygn e-
.... p" 1. 1S99.

The animals used vicre Guinea pigs. Thec duration of
ti-, e::perirents was upt to 60 minutes. Tubprcular sputus
was dried on canvas rags unzil no trace of moisture, could
be seen or felt. The dry sputu;a particles were then loozon-
ed mechanically and fed into the dust developing apparatus.
Unless natural death followed within several weeks, the

.•-wals were put to death at di-.Zerent intervals.
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! s'i e'y case, the findings showed lung and bronchia.
. O..etimes tubercular floc:s in the extrapul-

..... "...............his proved that tubercular bacteria setti-u

c; (Tuzt c.:;, rech the lungs in an infectious state when car-
::ZWC by ztroz- air currents. The negative results of earl-
~i* scic•-.i•s were caused by the dust boxes used. They h:.

I.= lor-.o for the animals, providing too weaki a con-
centration o- dust. Due to their small breathing volurie,

th n.i•i h had little chance to inhale dust particles
laden witi bacteria.

The second series of experiments used weak air cur-
rents in order to imitate natural conditions as they e;ist
in acrogonous infections.

Zputum was dried not only on canvas rags, but also
oa nilcce oZ wood. The latter was to reproduce conditicn
v:.iich e:.ist whon sputum dust is raised on the floor. The
dista;ncc botween the pulverizer and the inhalation chamber
•. ~oxondod, .bocauso the greater the distance, the fevor
are thc chincos of infection, since the larger particlos
have a tendency to settle and the bacteria run the dangcr
oZ being damaged. The most important modification, ho-aevcr,
Swas the change in the speed of the air current. The inten-
tion was to reproduce the speeds prevailing in ordinary liv-
ing space. The sputum was dried to a maximum, that is, the
sputum bacilli were dried in a calcium chloride exicator
until no more loss in weight could be determined. The drier
the dusting matter, the better the chances of its being
inhaled.

The apparatus shown in diagram 5 was used in these
experiments.

The apparatus consisted of the following 6 parts:
pulverizing chamber, dust conductor, inhalation chamber,
condensor, disinfection and aspiration arrangement. As in
the previous experiments, an ice bag (A) served as a pul-
verizing chamber, a tin tube (B), 2cm in diameter and lm
in length, was the dust conductor; it connected the pul-
verizing chamber with the inhalation chamber (C). The in-
halation chamber consisted of an oblong tin box with 4 rec-
tangular and 2 square surfaces which remained open. The
front opening could be closed by two insertions, each of
which contained a semi-circular aperture. The guinea pigs
which were placed into the box through the back opening
could be held by inserting their heads in the front attach-

A small tin cap closed the back opening. A larger
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...".ci over the front part off tC- bo::, crc--6a*:.- -.
:r the Iicad. of thu " ' ',.

' .. ' •;_iccted through the condensor (D) an Zrly.cvyu,
!)itor., ., .acýtom of which was covered with sterile vzt.r,
•: .. d t-. c .s'afoction arrangement (E), a flask filled ait:%

,i .~Lci.i, with the aspiration chamber (F)). r.,-
"uc" *q'y means of a tin cylinder 'r,) cont:.-~i.j'.

)_•v. .. .. '.cý;: cquipped With L '.",

4 • -

I .1{

I

Diagra. 5. Sticher's apparatus, reproduced
from Sticher: Zschr. f. Hygiene,
No 30, p, 178, 169.

The experiments were carried out in the manner out-
lined below. After the dried pieces of wood and rags had
bevn placed in the dusting bag (which was dry, as viere all
parts of the apparatus except for the condensor), the gui-
nea pig -- with the neck hair shorn off -- was brought into1 r
the inha~ition chamber. Suction was produced by draining
the water from the cylinder. Manually (through rubbing or
shaking) the dust carriers (pieces of wood or rags) were '

freed from the tacterioid dust and whirled up. The pre-
sence of fibers in the tube leading from the pulverirze~c
showed that suction of dust was actually taking place.

The volocity of air was 10cm per second. Occasional-
ly stron.~er currents wtero used to reproduce conditions simi-
lar to draugii~tt in a room (opening a window).
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As a result of the slight bacteria action, animals
used in K is series of experiments did not die spontaneous-
.Ly. Several months after the completion of tests, a dissec-

tion revealed tuberculosis of the lungs, bronchial glands,
and the rest of the organs only in a few cases. On the
other hand, animals injected with the dust from the conden-
sc: •, .'<,';c a tubcrculosis infection in every case. Stich! --
cnc.<'•... at�. the driest possible tubercular dust, carri~ c
bY We.:" st ;Uir currents, may cause an infection; that i:;,
even th• finest and lightest dust particles which float in
the air for a long time may carry virulent tubercular bacil-
li. The s:.iaiinumber of inhalation infections in the second
serics is due to the fact that-the dust concentration as
wYaAer as a result of a lesser whirling effect and a great-
or diztance between the pulverizer and the inhalation c-an.-
ber. Since the animals spent only one hour in the inhala-
tion chamber, the chance of becoming infected through the

.0ion oZ tubercular dust suspended in the air was min-
ima i.

Nenninger, another student of Flugge, studied the
penetration of bacteria into the lung through the inhalation
"of drops and dust, and thought it necessary to clarif-y sever-
"al points before starting the actual experiments. Previous-
ly, the lungs of health animals and humans had generally
been considered free to germs, which contradicts the fact
that the surface of the lungs is constantly in contact with
more or less germ-containing outside air. Hildebrant and

UlApstein were of the opinion even before Nenninger that
pathogenic germs are often to be found on the inner surface
of the lunrs, yet these were eliminated in no time. Barthel
3,.aintained, however, that the lungs of healthy humans should
;eneraily be considered as being free of germs, although
the large and medium bronchi always contained pathogenic
ger•s. Nenninger examined te. term content in the lungs
of three pigs, three cows, and one rabbit, and generally
found a low germ content.

Experiments with the inhalation of drops were ca'r-
ried out as outlined below.

Prodigiosus germs were suspended in a Buchner spray
apparatus containing a 6% solution of NaCl and atomized for
a period of 10 minutes. The animals -- guinea pigs or ri.b-
bits -- sit in a tin box, equipped with a round opening for
the neck of the animal. The atomizer opening is 40cm oppo-
site .he head of the animal. Lrrediately following the in-

--:on, the animals are put to death through a stroke on
Leck (: 1,.cdulla oblongata), the spray infected head is
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Prapped in a cloth steeped in a solution of mercuric chlcr-
ide, and "Okc animal is removed from the box. The skin is
sterilized by placing the animal in a container of mercurli
chloride Solution." Under sterile precautions the lung, t.I
maiA br6nchus, and trachea were cut into segments. Every
part was' placed in a tube containing Icc bouillon, thcre it
w•si~mashod using a strong platinum needle, and poured cr

on an "ag, Plate.

The experiments showed that the bacteria drcps in
the inhalation stream reach even the finest branches of the
,respiratory tract without any difficulty, This had already
been determined by Buchner and Enderlen, although they did
not test the germ content in immediate cultures. Neither
did Nenninger succeed in determining accurate numbers in
the germ content of the individual portions of the res;•i'-
tory tract, which was partially due to the experimental tcck-
nology.

In subsequent inhalation experiments, the att;oyt wp-
made. to determine the actual quantity of germs brought into

*the respiratory tract.

The prodigiosus germ used in the drop inhalation ox-
periments was unsuitable, since it cannot stand up to the
high degree of dryness necessary for pulverization. For
this reason, the spores of a different type of bacteria
(magatherium) were used, in Kabierske's pulverizer. A co:u-
pression five seconds apart sufficed to keep the head of
the animal in a constant cloud of smoke. About ten minutes
after the completion of inhalation, the animals were put co
death and skinned. Dissection took place in the drop in-
halation series.

In this case, too, Nenninger found that the bactnri-
oid dust had forced its way into the deepest portions of
the respiratory tract. The number of colonies, however,
was considerably smaller than that in the drop inhalation
series, although in both cases the agar plates appear to
have a similarly dense growth.

Finally Nenninger conducted aspiration experiments,
in which he brought bacterioid liquid into the mouth of an
animals by means of a cotton wool swab. He plugged both
nostrils of the rabbit with cotton wool and wax. The trachea
was pressed back several times until the animal was gasping
and in doing so inhaled the bacterioid liquid from his mouth.
Tiie e;pecriment was completed in five minutes, and the animal
w•as put to death. The result surpassed all expectations:
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* ~ 2~ctop to the very f inest intricacies of the respira-
tory r~ alarge number of germs wvas Zound. This rend-

ere-d t ofthat forced respiratory air which' brushedC
* throuGaI.-Ii th mouth cavity could separate drops containing

gcr-rms anc carry them into the depth of the respiratory trnct.*

- ~ ~wtnp~harynx part icu lnr .v offrs the opn;c-rt~
.c.of drops. Scc:A_.o n-Cw 6 C

~ rw .c- exspiration c.Lfcts a ",u -- tig oC tho
60to- 11out:ýidc:, inhalation to the insido. To be -.ore spoci-
fic, t:i- inha.lation stream., provided it finds Sufficient>y
t.%s _1n. ý;c.tion., easily separates the drops and carries thI*an,

-Lto t;o . jc. of'ý the respiratory tract. The drops, hot.,over,
s.'.oulcd not :)e too large, otherwise protective ref le:zas ~

Sscouj;Iiin-, sneezing, and so forth, sot in. The contc.a-ý
o:. pa~tho-enic gcr;-.z in. the mouth cavity points to %.n i'-

tau~t zource ofQ lung infections. As Birch-IBirsch.-Lcld strcoý-
u(ý, tj'-c- :;'.ore pr.escnce of germs in the lun-ri does not st.-r-4
"'In i, U -- .1 A local disposition is necessary. This zp-
plias Pa-rticularly to certain bronchi at the top of tile
lui~. Tkkoir unfavorable position in rej'"Ition to tho airi.i
bVO~kihus and the trachoa makos them particularly p~rono to
t.he soxActtJ.cent of secretions and of foreign mzatter froza th
outside, such as infectious dust particles. The bronchial
m~ucous nmorbrane must be damaged or its resistance impairod
boA*ore a tuborcular infection may develop.

Similar experiments using Barthel's apparatus wvero
conduct-ed by 71iartel and Hierrmann at the p.-thological-:.ýna-

to~~calinstitute in Vienna (Prof. Wcoichselbaum.). These
scioitoist' did not subscribe to the idea of aspiration of
liquid part,-icles as found in the mouth and pharyn.::, and bc-
l~ieved t.;at the germs found in the lungs stemmed only froxi.
the drops suspended in-the atmosphere.

Following the lecture held by E. von Behring at 161,e
convention of German natural scientists and physicians in
X:~sclin 1903, and the research done by Calmette, in France,

unsurpassed importance w-as ascribed to feeding tuberculos-is.
The widespread opinion arose that phthisis is caused not by
the inhalation of tubercular germs, but rather through either
a di-,roct intake from the mouth and pharynx, or, following
direct swallowing, through the intestine. Von Bebring- main-
tCained that tuberculosis originated tLh,.ough the intake of
nourismA--.ocnt. conta-ining tubercles into the intestine itself,
or i-_fn- -_;. ,I:cction eruptec' here, throurZh t~he passage of

'7zroz the stomach lyr,-pi1 glands int-o the bronchial
-!-;z~d the lung. Consequea tly, it- appeared necessary

u~;koco-nparative study of foodin- a-nd inha~la"tion
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-tuberculosis. Findel and Kuss rendered valuable contribu-
tio• inthis respect.

sS.... •. •o•tzke took a critical stand to the vie• of
4ircct •hercular infection from the mouth and pharyn:: into
;;A• iu•:• SZarting with statements of various author•

:•ho •:•.•.n•£ncd that aerogenous infectlon played a •ini•
r •i•.. Lc :.•':'.ed to discover whether an infection path d..
indeed exist £ro• the mouth and pharynx over the l•.:•h • . ,•:•
Of the neck to those of the thorax, that is, the lyzphs of

i the lungs and the, bronchial glands. Having observed and
•experimented with dissections of children, he concluded that
•o..lymphatlc paths led from•the cervical lymphatic gland
•ha•.n:to the bronchial glands, and that a tubercular infec-
tion of the lungs:coming from the lymph glands in the neck
could paus o•!y •hrough .the upper trunci lymphatici, venous

angles, c•va superior, and arteria pulmonalim. The infec-
tion o• the iu•gs or bronchial glands in a child was cau•
•y %h@ intake o• liquid particles containing [:orms. The
orl•i• Of •he$eliquid particles should be traced back to
•he tn•ako O• Subercul•r foods or ln•cctlon• caused by •i•,t,

Findel, •ho was worl•ug in Flugge's institute in •r•s-
lau, first had trachotomized calves and do•s inhale tuber-
cular drops, intending to prove that the infection had in-

.deed originated directly through inhalation, rather than
through the secondary ways cited above.

For this purpose, a thick rubber tube was pushed as
far as possible into the inner tracheal channel of a trach-
eotomized calf. A large tin funnel was set on the outer
end of the tube. A Buchner spray apparatus was placed at
equal height in front of the funnel. Its outlet tubs w•s
connected •hrough a rubber tube to a glass tube which led
into the funnel, enabling the fine mist penetrate along with
•he inhalation stream. Experiments on tracheotomized dogs
were carried out in a similar manner. For the sake o£ coz-
parison, the animals •ere fed specific quantities of nour-
ishment containing tubercles.

Even these preliminary tests showed that the inhala-
tion required considerably less than .l•lmg = 4,900,000
bacilli to produce tuberculosis in the entire lung four weeks
later. On the other hand, the feeding of 172mg = 6020 mil-
lion bacteria had not effect whatsoever.

In the actu•l ezperiments without tracheotomy, that
i•, without a sharp separation of the t•o infection paths,
•h• ±nh:•lation infection showed similar positive results.
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~ a~aatusfor the inhalation was cons tructod vt
-.x: oZfc. Reichenbach, and is *ardue i

The:.:~-acmet.is. based on the principle th-at the ari-.
~'<s ~xha -- rom~ an air current which Increases with onta.

r: o c t7. rTho bacteria concentration re~mains const1-ant;
-7-u:c.u V4z experiment.

Di a gra~m 6 . Findel's apparatus, reprintCed from.
Findel, H., Ztschr. f. Hygiene, N~o
57, p 125, 19071

The pyramid-shaped inhalation tower (1) has a round
at achont(-,) at the top with a thrice-bored rubber st~op-

por. Vrom here, a tube (,-) leads to a strong water-Jet
pu:-p, a second tube (h) to a manometer- (c), .and a ti.-rd
tub.l~z (Jf) tLo a large aspirator (6) which can draw any de-
sired q~uantities of air from the tower. The bacterioid
mist is produced in a Buchner type spray (2). 1-t- is selt. i;n
oporat-ion by a bicycle pummp with the a-.id of a 3-liter volumie
fLLas% serving as a wind cha-mber, Close to the bottom, theo
spray passes into the tower (b). The -air containing bact-er-
ia rises slowly in the tower a-nd ex"it~s at the tops through
tlhe. air pump. The purmo is set to 1heep a constant pressu-re
of 20mr. water jet in the towver. If t'he presure is maintain-
ed constant and the quantity of Cair fed through the spray
t~he saein the unit ofC ti-me, then the velocit~y of the .
cuircr: , and with it the bacteria content in the unit of vol-
Lzie als;o rcanconstant.

-J~nea pigs are pla-ced in acylinder y)to m~
t ;.ey a::e all1owe.d to breathe -for an accurately
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='easurcc. ,)criod of time. A rubberized air-tight cover
-.... the bac d of the cylinder. The front part has a
baske_-1lie wire arrangement (a) to hold the animals insi.-I.
-The upper third of the tower has two openings (d, d'), each
of which may be covered with an air-tight cylinder to allowv
tho guinea pir,'s head to protrude into the cylinder by scv-
era! centimeters. Glass panels (e) are installed at thac
hai-:ht to i.lo.. observation of the animals durin. the cz-
periment. There is no danger in inserti.ng or rem.ovinLJ an--
mal containers or of loopholes in air-tightness as long as
a: negative pressure prevails in the apparatus. For this
reason the negative pressure had to be controlled and main-
tained constant.

Since the spray used very litt.e liquid, the appara-
tus was kept in operation for hours without difficulty, :.-

.,;f4.nL 'reat variations in the number of bacteria inhale[.
an- ... is in the apparatus were totally relaxed and o:..-

cd undoer conpletcly normal circumstances. Therc was abzo-
lutoly no trace of "forcing" bacillic mist into the lun-L.

in order to find the number of tubercular bacilli in-
haled by a guinea pig, the germ content in the deposit of
the Buchnor spray and in the lungs of a guinea pig, or that
in the Williams tube (7, 7a) was determined. The findings
shoued that per one liter air the two William tubes caughtn
one 12,000th of the germs in one cubic centimeter of the in-
halation. On the other hand, one 14,000th of this germ cquan-
tity passes into the lungs of a guinea pig. Further study
showed that the upper part of the tower contained only 25%
of the germs which had passed in through the bottom. Con-
sequently, 75% are lost during the rise in the tower.

The method outlined below was used to produce the in-
halation solution containing tubercles. One hundred MG of

a four-week-old tubercle culture were mashed most thorouo,,gy,,•'I
first without water, then with a drop-by-drop addition of
sterile distilled water. This was done in agate mortar and
increased to 20cc. Thus a cubic centimeter of liquid con-
tained 5mg of bacteria culture, that is, 175 million bacilli.
Findel determined the number of bacilli following numerous
counts in one weight unit. The result was as follows: one
milligram of a tubercle culture raised on bouillon, which
had been freed from superfluous fluid through pressure ap-
plied with a platinum spatula, contains 35 million bacilli.

The deposit mentioned above wTas successively t- ..

in subszeuent experiments. The s'ilest dosage used tiiJ.
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S. - -375

c o r t i : c r , '..2 2 '-• = , 3 5 , 0 0 b a c i l l i P o xr o n c c c o f o i i n
*33 bacilli per one litez air (if the ap-

..... : :.:"c .11 cc liquid ii 10 minutes during the pa.s-z
".,.• iitcrs air during that period). Finer graca-

%io;s :.,ni z,, aumber of bacteria inhaled ,ere achieved through" : . z '. o ' : .: .' u . c , : T ' c u e t s o f t h e t i n , e o f eY•s y c , n o n e o -? ; .

c,• :c."., one cc contained .0:J•< . atomizin, il ... .

., bacilli. Thus, o.,e " .. of ""i con ... .

ia.... " designed for feeding wcre re.ioved from t..
.i.am u" The expelled laevulous colution wVas m.L.Ae ^ i

_.-to a u with carrots and given to the animals after
ther had becn kept hungry for 20 hours. in most cases the
food w;as caten up. The dosage surpassed that in inhalat-o-

b , v i. contained between 19,000 and 322,000 -a c .,.. .1. .
.: " .... ani. als received the entire dosae at one

'. ".. aas given to the nine remainin- guinea pigz or,
f •ive ,ucceczivo days.

,:Ei r;hty-three adult guinea pigs aore used in the in-
,:c .:i•' c;-eriments. They inhaled dos"ges rann .ro....
L0 -•o 230, 003 bacilli. All animals that i"ad recived over
62 ba•cilli and did not die during the first 23 days of
-,c,.-.e,. disease, showed a heavy, macros copically viss-
ble tuberculosis. After 28 days, tuberculosis had localized
almost ex:clusively in the lungs and the bronchial glands,
S.'bie only the spleen contained solitaiy tubercles. After
50 days, the tuberculosis had spread through all Ohe Organs.
Of the six animals that had received smaller dosages (three
animals 40, and three animals 20 bacilli each), only two
showved an infection and macroscopically visible changes.
The definitely lethal dosage for adult guinea pigs contain-
cd 62" bacilli; smaller dosages up to 20 bacilli promised
no definite results. Findel was of the opinion that one
bacillus sufficed to infect very young guinea pigs.

.osges of 19,000 to 382,000 bacilli were used in
the feedings. None of the fourteen animais shoved changes
that could be described as being tubercular, although they
wve;re observed up to 174 days. The lethal inhalation dosage
was 1/6000 oi the ineffective feeding dosage, and that which
led to an infection amounted to 1/19,000.

Xuss, -ho also conducted conmparative inhalation znd
feed • c::)erimzents ,dwith tubercular bacilli, used the appar-

u •. in diagram 7.
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Dia-rim 7. Apparatus by Aus H iratd'Lo.
Kuss: VI. Internz .-ionalo.Tuboru-

_ _ _-__._._---__ _ _ _.

, ~ ~~loselconterenz (S•i xt nter•- •n.ati-6d I

Tubercul1si-- Conferunce), Vienna,
19-21 September 1907. R. Mozaa-Verla•, Dorlin, p 80, i~007,

A dluct tube (E) is attached to a 1L-re tin box C.)
vith a voluwc oi 152 liters and an observazion \iindo-:: (i.).
A container (D) is attached to accommodate the animd-is.
The atomizer (1), which operated at three atiospheres L.r o-
lute pressure, sprayed 4 cc at an air passage of five ii4crj
per minute. The air exits from the inhalation bo:. throuzh
tube connection (s, s'). Two guinea pizs sit side by scide
in the containers (B), with only their heacd reachin- th:.,
inhalation box. At the time of exposure, closure (G) iS
raised and the back wall (t) pushed to the front, enablin,
the head of the animal to reach the box (A). The guinea
pigs inhale the bacillic mist under normal circumstanci.
During the entire inhalation process, the aspiratory (F,P')
sucks the air from the inhalation box (A) thirough a tube
(C-C') vhich starts betuveen the heads of the guinea pigs.
A portion of this tube is of glass and stays in the aniral
container. It is filled with carrot pulp (gg to the length
of 12cm). This filter hold back all particles of air which
had been sucked in. In addition, the feeding of the infect-
ed carrot substance provided the opportunity to test the
virulence of the bacteria which had travelled that distance,
and to compare the dosag-e required for an oral iniection.

The experiments on guinea pigs were first conducte"'
vith soot and Indian ink, then with tubercle culture dopozitz:.
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- f2~.coz)2a,: '-.ions are necessary before e'clr:-

n..: ;:I;injtal 1amay bc applied t"o t-ubc~rcu2.x -ol
A ,.Pnly a short period of ti-ne wtotc~

-.'.~,% dietaoi)rj-;2 durops thou

:.-:-,s discovor_.... ' -z' ;c ix n' 1- 7.c~ -

*.c .. i.;V~ru2'.cn' bacilli .J.a1 zt~
olt` thi Under six-ilar cond-itions, ii ,.2.aatioa .;is.-
nitoly mnore of-foctive than oral intakec or even subcutancou..
injection. Tuberculosis caused t"hrough inhalatio.- comes

frmthe air. Bacilli which settle on t4.he pharynx* duringr
4n.n.alation and are thou swallowed play a secondary role zz

-7lowi4na 2indel's resoarch of the inhalation of' tu-
in £c~ud drops, IKohlisch (also a mziebor of Fuga's

'kbi0%:o) oxparimented with the inhalation of dry tuborcix-
?.;L. duzt f -06 His primary goal was to clarif y tho of fcc-
,--verncoz L d;uzt infection as coipa-rcd to drop Zot.n

ý'rthc.rmnore, ho wvished to dotormito the porcentage of tub--r-
cular dust tUhat is hold back -at the entrance to the resni::.-
tc*_:Y *4t:%ýctý z;.dCA the larger bronchi, and the porcent'age 2-it

actullyroa-ches the finest bronchi, and the number of tuber-
cular dust* pzarticles necessary to produce tuberculosis.

Initially Kohlisch used a sprayer which is reproduced
in diagram S.

Glass funnels are attached to the top and bottom ofJ.
a tixi cyli~lder (A). The guinea pig sits in a box (B) which
closes Zat thc front through a wire screen. The dust is
driven -from the U-tube (C) to the apparatus by fan (D). A
miov1-.ale tube (E) makes it possible to raise the dust, which
settles on all surfaces and in all -nffles. A hose (F con-
nocts tixe apparatus with a 70-liter- volu-me to-wer containing-

''te. T~his water is drained at a speed necessary to draw
thy:. air containing dust from the a-ppara-tus (A) throu:-,h ster-
ila cotton wool filters (G). Teend of the suction tube
-:s close to the nose of the -nival. "LA _ At- t10 top of0 theO uppcr
glass iunnel, there is another cylinder (17) containing, cot-
ton vool tCo catch the bacillic dust as the air escapes.

ohlzc used dustO -From a cotton., rni1. This dustý con-
~. of pulvorizcd pat!e 0r.. sed,.oto

nui-bcr of Line elements thtcould not b~e a~c-
c..Ic ~ t was improgna ted to th -oilnt. Ihere

~ ~ 1'2O -illion opores. I2Vory C::per~aentLaz~
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Di-'•f~ g.Spraying apparatus uuod b;,Ll lic.
in thc f irst series oZ "xpcrimcntz,
reprinted from Xohlissch : •.ou
Hygiene, No 60, p 51:;, 1D66

ton minu:-,, and with the aid of both fz.nz a .•. u:t
oZ dust vz5 maintained in the apparatus throu.-hou'-.'•h
anim."l via;a ?ut to death immediately RfterI cemPlezion of h
experiment. The lung was removed, wrai-'.-d, LICLshed in•._.... .'
flooded vlith bouillon, and poured out on ,,elatine plzatcL..
A similar pz'ocedure was applied to filters and cotton %voo!stoppers. Afr1, sufficient gro-vth had occurrod on tCIe plz~tuz
(appr'oxi;%..ately 48 hours), they w•ere coun-ted, and the rat'4.io
between go•ms in the lung and in the filter o vas dze-erpino.

Losults showed that on thao ývcran'a 711a' of tho e.m
cont-ý.-rod in one liter of air reacoed thic luns. This r vz-

yefinitely less than in experiments 6 with sprayed drops, -,ho
on the average 3wt reached the lunbs (Findel). The mini.um
edective dosage van also considearably higher in dust onfec-
ziou than in drop infection. While the latter- requirnd ap-

proximately 60 bacilli to start the inection, 2o0 bacillio
tere necessary for a dust ingection.

It became apparsnt during the experiment that thei
apparatus needed improvingnd in some reipects. The cloud of.-L
duc.;t, for exaimple, did not last long enough in the apparztus
oen smtaller quantities were used, it was driven anter halfnu
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n. " b .ecaping air into the cotton w,,ool in -
•- (;). A oango of suction filters show:od th.*.t duria- LIn i'h•'' rndn:Lthmin~ethe nui. ber of germs to b !tr;

.. ac.-cc to less t-han 1/10 of tho:o durlinZ tho first
.nutc. ',dit'k Prof. Reichenbnch's help, l'ohlis.;h iziproved:'•oc;nr"•-e-C ,y constructin- tihe .. at......a i

• ii

0iar •. Improved spraying a->..'ratus by !Loh-
lisch, reprinted from Xohlisch:
Ztschrf. f. Hy.giene, No 60, p 513,

(I) s zZin the brcathng charabor; however, it
hl only one funnel at the top. At the bo toin, it min.y ba
closed horizontally. It is screed to the table. (C) i4 %n
electric motor driven by an accumulator (J). The eztremol~j
ion-g •xis of the motor passes through the funnel and closo_o thea botto-a of the box. .4 wind wheel (E) is rattachad to
"hhi endc. Tis turns clockwise, raising the dust from bot-
toi to top. The motor is supported by .tands (D). The hose
(F) passes again to the vatcr tower. Tnrough it, air is
sucked from "Ghe apparatus theough filters (G).

initially this apparatus failed to improve the re-
sults. This was ascribed to the dust used. In respect to
suspendability, the cotton dust was composed of different
elcments. The quantities of dust suspended varied constant-
~.y, c.t ; .... ifferences in the za.:tter inhaled. in ordor to
i'taZ aii..ural conditions, a mixture of apartmtent dust an•c

21ne o• £ -fibers, obtained by pulverizing a ha•'d1erchief,
\. Qu5 for inhalation in the following series of experi•.n&•.
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The results once again showed the superiority of drop in-
foction..

, V1hilc .tuborcle bacilli which reached the lungs in

-•£c, `.iost without exception caused tuberculosis, o].y
ar :.•;.v2:, small fraction of dust bacilli achieved ...

s..." c:"•ct. 2•he difference vwas explained by the -:-
st., par •i clos, )which settle on the wa 11 of .. %c l ....

;,t '. -- aJ i-ritant to set off vibratic: %Ahic"
"(WOVO t-,i•, before the bacilli have a c-:. .. to -o -,
fro- the mucous and are capable of causin, ito[conic ,
Ai:•o, tVh process of drying and pulverizing nay • cz.
a p'.•-t,'•. • va•. . cening of the tubercular bacilli. ,. .
dcrol o.-P: mucus containing bacilli, however-, inediatoiv
gles with the bronchial mucus, which is o2 t." cane consa--
tency. For the same reason, the drop does not sot of vi....
brdtion duc to irritation, and the tubercle bacillus c-' -.-
ziI:o•;ey -- undiluted and fully virulcnt -- attack th
suzpcicting opithelium. Dust particles are more likcly
be driven upwards and swallowed. In addition, due •o their
relativoly large diameter, dust particles often ramain in
tVe nasal •.nd pharyngeal region, making the infoction of

!:qh gplann, in the neck possible. T:'e sw.llowed "ort" ..
of tl.csc Lu>Žrcles seldom suffices for an intestinal .ec-

In lator years, B. Lange revived the entire pr&2c;.:..
of artcogenic infection of tuberculosis. He expeiit'd on
animals and test tubes for this purpose. There are three
publications dating back to 1925 which we intend to discuss
in some detail. Together with K. H. Keschischian (1) Lange
in his first publication thoroughly treats the importance
of drop infection. He is particularly interested in wvhat
quantity finest drops and dust are capable of penetrati.ng'-
into the lungs after having been inhaled.

.h test tubes he studied the ability of drops a.na
dust co:-ýaining germs to pass through angular tubes of vuri-
ous widths.

The apparatus %,.as similar to that of :-indel and 'Koh-
lisch. A fine spray of bacteria or suspendable dust of a
bacteria and talcum mixture was passed through a bent gl.sss
tube. under moderate pressure in the lower portion of a tin
to--:or with a square bottom surface. The spray apparatus
(o sir• to the Buchner spray and the other a glass V.

" .. ~. led with dust) w.,ere situated -- as the inha>
"-- in an air-tight glass box.

lest Available Copy
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Weak suction (1 liter per minute) of a water-Jet pump
drew the air from the top end of the tower. It passed
through 10-20 cm long spiral glass tubes, 10 or 6 mm in
diameter. An Erlmeyer flask was placed between the glass
tubes and the water-jet pump. A solution of NaCi in the
flask and cotton wool filters in the drains served the pur-
nose of withholding all germs. The drops were to be caught
by a holder on the bottom of the flask in order to determiao
their size and density.

Every stroke of the airpump brought approximately
1 cc to be atomized. In addition to the smallest drops of
2-20u, there were large amounts of drops between 20 and
1OOu, as well as 100 and 1000 u. There was no difference
between the related media in relation to the size of the
drops formed; only the absolute size of the smallest drops
of 2-20u, there were large amounts of drops between 20 and
100u,. as well as 100 and 1000u. There was no difference
between the related media ia relation to the size of the
drops formed; only the absolute size of the smallest drops
was smaller with the application of fluid containingalbumen
and sputum than with watery cosine solutions.

since the consistency of sputum is unsuitable
herewith. 1) it was determined up to what size the drops
may be in order to be taken by air currents from their
course and driven to a specific cavity. 2) Was it possi-
ble to determine the size that enables them to overcome
strong hindrances? 3) Beyond what size could they no lon--
er overcome light hindrances? -- Even though these experi-
mental conditions cannot be applied to humans in their en-
tirety, we do obtain an idea of the quantity of cough drops
inhaled by a human, and of the extent of penetration that
should be taken into consideration.

Preliminary tests of the floating capacity of spray
drops supported Chausse's findings. After several seconds,
all drops over 200 u fell to the group; after several min-
utes, only drops up to 20 u, and after hours, only.drops
of very few u in diameter had remained in the air. The
smallest drops could still be seen in the air one to two
hours later. The bulk of the cough drops, however,,ranges
in size from, 100 to 500 m. Even the smallest bronchial
drops are supposedly never smaller than 10 u. The floating
duration of drops coming from a Buchner spray was estimated
at several hours; bronchial drops, however, remain sus-
pended in the air only several minutes. Their capacity to
fly is also limited. A holder placed at a meter's distance
from the coughing person, barely manages to ctch any drops.
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The flying capacity of apr-%y drops, on the other hand', is
unlimited. Accordiing to Flugge, air currents of only a few

;'*"" float ion of drorw by ar air current (4s per sec) which cor-

.,~:,raspondi to normal inhalation air was also tested with the
olad of variouo g!xistubes. Depending on the angle between
the axis of the cotical sprayer and the glass tube, drops
ofvarying mieso were deflected. Ifwe apply this to humans,

it follows that larger drops can be Inhaled only if the force
of a cough reaches the open mouth directly, or the nostrile
from below.. Drop* over 100 u, due to toeir sime and weight,

Vshould not pegetrate beyo-d the front part of the nasal ca-
vity or the-back part of the pharyngeal wall. The Uiltra-

Lhwe increased retentiveness on the part of the text tubes,

Smost likely caused by the stronger explusion of drop^i.

In applying these conclusions to humans, the fact
'should be considered'that the bknd~ri.-icemP to thz, upper re3-.
piratoryý tract are without doubt larker M~asi those in 'cb i
glass tubes. In addition. tho preliminary tests iatin-iion-
ally eliminated a number of Instances whi h would zý'e thoc
,pasage of drops through the glausstubes d'.fczt.Frs
aple, the spray was directed straight to tuaa c,;eiainS, and
*be axis of the sprayer came together with the rxis of the
glass tube at the Initial points. Finally oinly tacos fig-

uieemaybe used which were obtained using thoe'vaiocilty
that corresponds to noratal breathing. Since drors up tc
20u passed even the~fine t tubea, it may b,6 "isue'-c th-U

couh dop.of similar siz~e have tbs cza.0ity to penetrate

:,right Into the lungs.

Following these prelizzinary tests, experizents were.
conducted on gui~ca pigs. Lange and Keschischian wanted to

* determine the number of Inhaled gurus that penetrate into
-th~e lungs and the number retained in the upper respiratory

2~tract. The apparatus used initially wad the azringament
described above, consisting of a glass box and t, Buohner
sprayer.

The animals were placed in the Xlass box so that the
spraqor the dust could not reach them directly. After the
ýcompletion of the experiment, they were put to death with
chloroform. The mucous membrane of the nasal and mouth ca-

* Vity,(and tongue). and the trachea, were carefully removed.
Zack mucous membrane was separately cut Into pieces with'

*scissors, mashed in a sterile mortar, and flooded with 5cc
_.of NaC1 solution. IM upper sectiom of the lung was separ-

ated fro the: LmOwe.sectIte,p they were out into small pieces,
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each mixed with 10cc, and mashed as 4venly an possible. The
lun, had been freuJ from the bronchi branches whenever it
had been possibli. The subftances were poured out on sep-
arate agar plates, kept for three days at 370, And then the
germs were counted.

Floats of anthrax and subtills. spores or mixtures of
dry spore substances and talcum were used In the spraying.

As regards the upper respiratory tract, this method
renders only partially useful results. The figures obtained
represent minimal values. Nevertheleus, it was not unreason-

.able to expect that if the retention of germs showed tonsid-
arable differences between moist and dry atomizing, they
would have to be brought out by this method As well."

Following a large number of experiments, Lange and
Keschischian deermined how many of the inha4ed germs (that
is, germs found*.in the mucous membrane of the upper resplria-,,
tory tract, the mouth cavity, and the lungs) on the average;'.-
were to be found In the lung alone. Both moist and dry
atomining shoved 50 per oent. This ligure Is most likely
too high, for the bacilli settling in the upper respiratory
tract were included only in part. It is certain, however,
that the Inhalation of even the smallest amounts of germs
permits a relatively large portion of these to penetrate
i..-nto the lungs, without any as.sential differences between
drops and dust. The germ content of the individual lung

* ,'sections usually varitd, yet the differences were never
regular enough to be considered In favor of a particular

'section. The fact that l'tjt'e germ quantities obtained by
masbing the lungs did nol'eime from the bronchi is certain
because the hilua cuts did not contain more germs than the
lung sections. I,-

In another series of experiments, the method was in-

proved by placing the animals in the inhalation tower (cf
Findel and Kohlisch).

Air containing germ drops and dust was again v lannel-
* ed Into the inhalation chamber described above. The spray

or dust was produced by 20 to 200 strokes of a bicycle pump,
distributed at 20-.to 30-minute intervals. During that time,
one or two-guinea pigs inhaled the air't.nide the tower. ,
Findel had fixed them in a cage.:so that only their heads
were in tbhe tover.* Their nostrilswvere about 25 cm over
the spray mist and the dust on the bottom of the tower.
sin•ce all, "larg- dmp. and... dust.,,,'.. pairticles bid.. ieetled on
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.9. the aingles of the glanis tube and an the bottom.*jf the tower,
only a mist composed of the very snmallest drop. rome upwards[
to t~ie animals. A glass tube 8 mm in diameter was located
opposite the heads of the animals. This tube sucked the

*. air from the tower by maeans of a water pump throughout the
eeriment, and channeled it through an Rrlmsyer flank con-
taiiug30 cc NaCl solutiez. One liter of air per minute

I .. *passedthrough this arrangement in all *Zperime~ta.

Colical bacteria and bay bacillus spores were used
inthe spraying, a mixture of dry hay bacilli and, talcun in

teatomizing. The breathing volume nf the guinea pigs
1300 cc) was used an the basis (for the xake of-simplicity
1/3 liter) to calculate the entire amount of germs inhaled.

After cpmpletion of the experiment, the animal. were
put to death chloroform. The lungo removed mashed: in nor-.%

'mthod wasn sddodtmn the germ latntpi contuest ofThe washe
mtar, and thed tissuefotemn thet upeim cultures ofthe-same
water, Including the NaCl solution used to rinse the test

_,,..tubes and the rinse from the cotton wool filter.

.by Boom of the variations' in figures may be explained

..yuneven breathing on the part on animals of similar size,
aswell as by.the fact that animalm do not breathe calmly

1!Aand evenly, but react to the Inhalation of dust with'resis- f
~ icial breathing), even *though they seem to be sitting

pasan important part I.n dust experiments. It is a known
fatthat even a slight rise in moisture leads to lumps of

just particles, diminishing their suspension capacity.

YA The ratio of germs which penetre~ted into the lungs
to total germs inhaled with moist atomizing 'was 7:30% (ave.-
rage 21.5%), In dry atomizing 3:251% (average 12%). This
shows that with the mone number of germs :inhaled, those at-
tached to drops reach the lungs in amounts twice an large
as those attached to dust.* Similar results become apparent
In test tube experiments an well. These-experiments, how-
ever, should not be used to draw the conclusion that under
natural Infectious conditions twice as .,spay germs reacOh

telungs with cough drops as with dust, because cough drops
are almost exclusively larger than thone In the spray. II

Experiments where guinea pigs were coughed at by con-
suptiv* patients were expected to clarify the question
whether the inalaation of coughed-up drops and their aspira- I

_,.tioa -onstituted, a favctor wader natural -conditions of minfc-
tion,. TWhO' a'Rsd3 m ýpso~ali Sinit succeeded in
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having guinea pigs infected by placing them in a box and
having them coughed at through a tube, the matter became
more complicated when, in an attempt to reproduce natural
infection conditions of humans, the animals were free in a
room opposite a coughing patient. The poorer results ob-
tained when the animals were exposed in free space way have
been caused by air currents which immediately swept the
smallest drops away from the breathing space of the animals.
This instance, however, cannot be of decisive importance.
Lange and Kischischlan bmd also obtained bad results when
the animals were left loose, in spite of the fact that the
experiments took place in a small, air-tight room, with
static atmosphere. The weak air currents used in atomizing
should have directed the smallest drops toward the animal
instead of dqflecting them. The chief difference is more
likely caused by the fact that the most infectious small
drops have very little tractive force. Their movement in
the original direction stops in a very short time, or at
least they are slowed down considerably by the resistance
of air. The weak inhalation stream can dra* only those
small particles into the lung which accidentally reach the
immediate proximity of the nostrils. In the inhalation
tower, on the other :and, even a weak air current carries
the smallest drops directly past the head of the animal.

. 'ince'only the finest drops are used in the tower
experiment, Lange and Kreschischian found only primary tu-
berculosis in the animals. The neck glands had changed only

*.::to the point indicative of a general infection. It should
"be considered that a guinea pig needs only one bacillus to
produce primary lung infection, and that according to ex-
perience, the receptivity of a very young child is very
close to that of a guinea pig. According to Lange and Kes-
chischian, primary infection caused by the inhalation of

* cough dropu is possible but rare, because contrary "o Flugge,
they believed that only the smallest.cough drops, approxi-
m ,ately 10 to 20 u in size, and only in exceptional cases
those up to 100 u, are of any consequence.

Now can the frequent occurrence of lung infection in
children be explained? They can probably also be traced
back to an aerogenous infection. For this reason it is ne-
cessary to determine to what degree the second aerogenous
possibility of communication, the dust infection, is of con-
sequence in this regard. Together with Nowoaselsky (2), B.
Lange studied this problem extensively. In one of the first
experimental series, he lot guinea pigs Inhale tubercularsputum in free, space. We intend to mention the method only

.briefly, '

"A1•, -
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'"he atoamisng substance -was a mJXtUre Of talcum and
r7tubercular bacilli (bovine culture G. A.), 1/10 Ug tuber-

cular bacilli to I. g talcusi. 100 mg of moist bacillic sub-
stance were dried in an open container In an incubator at
31' for 24 houru.

Air was blown by two-strokes of a bicycle pump at an
Iferval of several minutes Into a glass flank half -filled
with the dust mixture. The dust raised forced itself through
a recto-Sular glams tube Into a large, carefully air-tighten-

Asmentioned In the previous work, four guinea-pigs

were placed op a pedestal 30 ca away from the opening of
the tube, so that their nostrils had to be hit directly by
the cloud of dust. This arrangement allowed larger parti-
cles, in addition to the bmall ones, to enter the breathing
space of the ahimal. Thescperiment lasted 10 minutes. Some

* animals were put to death immediately, others lasted 10 mini-
utes. Bome animals were. put to death im ediately, others
several weeks later. In both cases, an Infection W; 1 been
effected.

In the second series, the guinea pigs were exposed
* to bacillic dust in the inhalation tower in order to deter-

mine the minimum amount of bacilli necessary for an infec-
tion. The Attempt was made I irat to determine the number
of bacilli present In the Inhalation air, and then the:-nwa-
he'.,br of those that had actually penetrated into the lungs of
the animals.

-The above-mentioned method was uxed in chanveling the
dust, exposing the animals, and so I orta. However, the NaCl
solution containing all germs from the air which had been

* drawn from the tower during the experiment was injected to
guinea pigs In graded quantities instead of being cultured.
Tetubercl* bacilli case from a three-week-old bovine cul-

ture; they were dried for 24 hours at 37*, sasIh~d in mortar,
and added to a specific amount of talcum powder. The death

* of the animals occurred four to give weeks later.
Both experimental groups shoed tha a lung infection

.is e&alily achieved in guinea pigs through the Inhalation of
'bacillic dust. The prerequisite is merely dry dust and a

* sufficient quantity of tubercles in the dust mixture. Neith-
or should-the bacilli be. killed4 or badly damaged by unnat-
ural, dry Lagv'pirodures~

*' .4 t '4a2
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At first glance, the quantity of bacilli contained in
one gram of talcum powder appears very large. kowmvar. an
proved by the results of air suction, only a very mall frac-
tion passes with the 4ust into the air. The larger portion
of bacilli cling@ to larger particles which settle on 1-
ground in a very short time. The portion of Is-ge particlea
of dust is certainly considerable. The inhalation experi-
ments which used bacillic floats in the spray required. a re-
latively large dosage of bacilli per 1 cc liquid.

If we compare the artificial dust experiments with
the spray experiments from the point of view of bkcilli con-
tent in one &ram or one cc, it is safe to state that the
spraying of small amounts of bacilli is more effective than
dry atomizing. This is no doubt connected with the fact that
bacilli cannot be distributed as effectively in dry dust as
in liquid; and in addition, a considerable aumber of bacil-
li perish during the drying process. This deficit of bacil-
li in dry dust is compensated for only in part by the. larger
number of bacilli contained in one milligram of dry cul~tuxe
substance.

In the experiments where the dust was developed in
free space, larger particles came into action in addition
to atomic dust. Accordingly, a dissection of exposed Kuineg
pigs revealed not only primary lung tuberculosis, but also
partial cervical gland tuberculosis, and in one case even
primary mesenterial gland tuberculosis. Experiments in the
inhalation tower showed that only a few isolated germs were
necessary to produce primary sources in the lung. In one
case, 12 bacilli started two primary flocks, in another case
22 bacilli initiated five. Subsequent experiments showed
similar results. It mu3t be concluded that an infection may
be achieved in guinea pigs even if only a few isolated ba-
cilli penetrate into the lungs. There are no facts to con-
tradict the assumption that one bacillus of a highly viru-
lent culture is capable of producing one lung tubercle. Con-
trary to Kohlisch, these findings placed the minimum effec-
tive doaage much lower, while Findel's figures for bacilli
floats (26 to 50 bacilli) are much higher. These differences
are no doubt connected with the mode of calculation. How-
ever, these experimental results are in full accord with
Chausse's view, namely, that a single inhaled bacillus bioth
in dust and in dropa can cause an infection in the lungs.

It was previously pointed out that 21.5% of the drops
in an artificial spray penetrate into the lungs. At the
same time, it was pointed out that this figure should not
be applied without reservation to drops in the cough. The

Ti ri j :
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I ~portion of cougha drops which reaches the lungs is definite-
17 smailer, sices even the ýmallest cough drops which have
boom observed so far are larger than the spray drops in-
"baled in the experiment On the other hand, the figure in
dry atomizing (12%) may be used In dust inhalation under
"natural circumstances, because dust of such fineness oc-
cur* frequently in nature or In dwellings. Retentive differ-
"eoass in drop and dust inhalation may be connected primarily
with the sise and density of the particles-.....

No explanation was found for the fact that tubercles
"can pass through the lungs without causing cnanges. B. Lange

-.and Nowouselsky could not deny this possibility.

It has been proven several timec that bacteria which
are inhaled by animals in the form of fine drops or dust
cause typical primary tuberculosis in the lung. At times,
however, this leads rapidly to a blood infection', and, if
the aaiunt of bacteria inhaled is large, signs of a general
Infection are discovered in animals put to death four to six
weks later. It in accordance with natural conditiozs smasll
amounts of bacilli are used, four to six weeks afteo inha 4,'¶,
tion the animals frequently show no other changes but those .
In the lungs, bronchial glaLds, and perhaps tracheal glands.
One of the chief reasons for &erogenous infection is the
great reciptivity of the mucuous membrane of the lung as

"* opposed to the moal cavity and the intestine. Several ba-
('1lll suffice to start an infection in the lungs, while
large amounts of agents are necessary to achieva a similar
effect in the nasal cavity or the intestino.

"Important parallels- arise between inhalation tuber-
culosis in guinea pigs and the primary complex in children,
as described by Parrot, Kuss, Ghon, Ranke. We would like
to point out In particular the severity of bronchial gland
disease and the close connection Intween lung sources and

I gland disease. The picture of the so-called primary complex
in the guinea pig manifests itself most clearly in cases
with one or a few lung sources. The tracheal gland is mark-
edly swollen and slimy. Am the disease progresses and sev-
oral sources appear in the lung, the. relation is no longer

clear. There are no principal differences between chan-
ges in the lung caused by drops or dust. The fact that
sometimes particularly large flocks were observed following
the inhalation of dry, pulverized matter may be connected
with the isolated location of fine bacilli drops and the
fact that, in addition to these,.asaall clusterm of bacilli
may became effective in the dust. Lange and Nowoselsky dis-
covered that the Infectio2 sources are located more frequently

.AAA
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in the right lung than in the left. In comparison to the i
upper and lower section, the right center section was par-
ticu.arly often diseased. There was no noticeable priority
in the upper or lower section. Primary sources were seldom
found in the avical portion of the upper settion. The sour-
ces were subpleural almost throughtout, and were initially
grey with a yellow center. The consistency was obviously
firm. Even this brief outline Andicates that the primarysources caused by artificial inlatation in ruinea pigs &resimilar to those in humans.

In another series of experiments, B. Lange and W.
SNowosselsky (3) perfohRed inhalation experiments with strep-

Stococci, pneumococci, chicken cholera bacilli, erysipelas
* bacilli, mice typhoid bacilli, &Ld hay bacilli spores.

The apparatus was essentially similar to the one pre-
viously described. In a number of experiments, the mice
were not fixed Ln a cage, but sat freely In a glass box, so
that the body wvas exposed to the indirect spray. To deter-
mine the amount of germs inhaled irto the lungs, a counting
of germs in liquid culture following dilution took place in
addition to the plate method.

They found that various senticaemia agents which are
highly effective when injected can ty no means infect to the
same degree from the lung. Only mice typhoid and chicken
cholera bacilli even in very small amounts are almost regu-
larly capable of causing a fatal infection. Highly virulent
erysipelas bacilli infect only if several thousands of germs
are inhaled. In the case of streptoc-cci and pneumococci,
the effect of even very large quentit;es of germs was ques-
tionable.

Consequently, an infection depends on the number of
germs inhaled, and above all on the natural resistance of
the individual animals. It was generally observed that
"animal" bacteria are far more virulent than the most viru-
lent "culture" bacteria. A greater effect of repeated in-
halation infections as opposed to a singular infection could
not be proved, at least in the case of pneumococci, strepto-s
cocci, and erysipalas bacilli.

What happens to germs inhaled into the lungs? Since
microbes contained in the air are bound to penetrate into
the k•imal organism during the process of breathing, the
frequently-found sterility in the lungs of slaughtered ani-
mals must be caused by a highly efficient "self-purifying"
quality of the lwtgs. The germs must either be quickly
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tern and even pathogenic bacteria kct in the same way.

The bacteriacide sets in rapidly, uouetimes even at
tho moment the germs enter the lungs. Earlier scien#;ists
head already deterseined that such a disappearance of geras
rests on assimilation In the lung tissue Itself, rather
than an elimination to the outside or Into~ the bronchial
glands.

A further criterion for the process of infections
is the presence or absence of inhaled germs in the blood or
Ir. other oreans at sp~ecific dUes following inhalation.
The rresence of pfleumococci, otreptococci, and erysipelas
bacilli has never been proven in the bloo4o; this was only
sometimes the case with buy bacilli spores. -Advanced stages
of infection caused by chicken c.Aolera and s~ide typhoid ba-
cillt however, always showod bactorla in the blood.

We shall discontinue at tbi3 point In an effort to.b,
avoid an ixtended hLetorl.val diecumsoln, and rotor the 'read-or to a final summary by 8. Lange (4) in the handbook Die
Tuberkulose (Tuberculosis), 1943, publis.hed by Brauninj71In

*.iaddtion, we would like to point out the chapter "Pathology,
Ways and Sources of Infections," by H. Bolter and W. Blum-

-.berg in Handbuch fur pathogone Mikroorganismen (Handbook of
Pat ogel-CM Co Ds),192. o interest to as is the final

seuitence, 'Whether it is a direct Infection caused by cough-
o d-up bacilli, droneu, or an indirect infection caused by dry

* and pulverized cough drops, the drops alone always remain
the Infection agents."

It should &Inc, be mentioned that in Frznce, Trillat
(1, 2, 3, 4, 5) dealt in great detail. (1925-1938) with con-
tagiousness through aerosols containing bacteria and the
problem of &erogenous immunization.

Hedvall wrote a chapter on the sources and spreading
of Infections In a handbook on tuberculosis published by
von Bein, Kleinschmidt, ard Uehlinger'in 1958. He does not,
however, mention any new fin4ings.
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